A heavy metal-resistant and dimethyl disulfide-producing bacterial strain, designated 6NM-7 T , was isolated from wolfram mine tailing, Dayu County, Jiangxi Province, PR China. Strain 6NM-7 , 2015). Members of the genus Massilia are characterized by Gram-negative, aerobic, non-spore-forming, motile rods with Q-8 as major reparatory quinone. In this paper, we reported a novel species of the genus Massilia, which can produce dimethyl disulfide (DMDS). As methyl bromide (CH 3 Br) is a potent ozone depletor and scheduled to be phased out by all countries in 2015 (Dugravot et al., 2003) , DMDS has been recommended as an alternative fumigant to control high infestation levels of soil-borne pathogens, nematodes and weeds (Coosemans, 2005; Fritsch, 2005; Heller et al., 2009) . In addition, DMDS-producing microbes have the potential to be used for controlling plant foliar diseases and promoting plant growth by enhancing the availability of reduced sulfur (Huang et al., 2012; Meldau et al., 2013). To our knowledge, rarely have novel species been reported to produce DMDS.
The genus Massilia was first described by La Scola et al. (1998) and more than 25 species have been reported (http://www.bacterio.net/massilia.html), including the recently described species, Massilia arvi (Singh et al., 2015) , Massilia eurypsychrophila (Shen et al., 2015) and Massilia norwichensis (Orthová et al., 2015) . Members of the genus Massilia are characterized by Gram-negative, aerobic, non-spore-forming, motile rods with Q-8 as major reparatory quinone. In this paper, we reported a novel species of the genus Massilia, which can produce dimethyl disulfide (DMDS). As methyl bromide (CH 3 Br) is a potent ozone depletor and scheduled to be phased out by all countries in 2015 (Dugravot et al., 2003) , DMDS has been recommended as an alternative fumigant to control high infestation levels of soil-borne pathogens, nematodes and weeds (Coosemans, 2005; Fritsch, 2005; Heller et al., 2009) . In addition, DMDS-producing microbes have the potential to be used for controlling plant foliar diseases and promoting plant growth by enhancing the availability of reduced sulfur (Huang et al., 2012; Meldau et al., 2013) . To our knowledge, rarely have novel species been reported to produce DMDS.
Strain T was isolated from a wolfram mine tailing sample from Dayu County (1148 209 060 E 258 279 370 N), Jiangxi Province, PR China. The total Cu, Pb, Zn and Cd concentrations of the tailing sample were 198.9, 149.4, 340.4, and 9 .3 mg kg
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, respectively, and the pH was 6.95. Isolation was performed by ten-fold serial dilutions and 100 ml samples of dilutions were spread on R2A agar (Qingdao Hope) and cultured at 30 8C for 7 days. Strain 6NM-7 T was isolated based on colony morphology, purified on R2A agar, and then stored in R2A broth (Qingdao Hope) supplemented with 30 % (v/v) glycerol at 280 8C. Genomic DNA extraction, PCR amplification of the 16S rRNA gene and clone sequencing were performed as described by Feng et al. (2014) . The 16S rRNA gene sequence similarity of strain 6NM-7 T was searched using the EzTaxon-e server (Kim et al., 2012) and BLAST in NCBI. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods in the software MEGA 5.0 (Tamura et al., 2011) . The bootstrap values were set as 1000 replications and evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1980) .
Growth of strain 6NM-7
T was observed on different media, including nutrient agar (NA; Huankai), tryptic soy agar (TSA; Huankai), R2A agar (Qingdao Hope) and PYE agar (Busse et al., 2005) , at 30 8C for 7 days. Colony and cell morphology were observed by eye and with a transmission electron microscope (H7650; Hitachi), respectively, after 3 days on R2A agar at 30 8C. Motility was tested in R2A broth with 0.3 % agar at 30 8C for 7 days. Growth under anaerobic conditions was tested in an anaerobic pouch (MGC; Mitsubishi). The pH range for growth was determined in R2A broth buffered with citrate/sodium citrate (pH 4.0-5.0), NaOH/KH 2 PO 4 (pH 6.0-8.0) or Na 2 CO 3 / NaHCO 3 (pH 9.0-10.0). Growth at different temperatures (4, 10, 15, 20, 25, 30, 35, 37 and 40 8C) was determined on R2A agar slants for 7 days. Tolerance to different NaCl concentrations (0.5, 1, 1.5, 2, 2.5, 3 and 5 %; w/v) was tested in R2A broth for 7 days at 30 8C. The Gram reaction was determined by using the KOH lysis method (Buck, 1982) . Catalase activity and the hydrolysis of starch, Tweens 40 and 80, were tested as described by Tindall et al. (2007) . API 20NE (bioMérieux) and Gen III MicroPlate (Biolog) were used, according to the manufacturers' instructions, to test other phenotypic characteristics.
During the growth of strain 6NM-7 T , an unpleasant pesticide-like smell was produced. To determine the composition of the gas, strain 6NM-7 T was inoculated in 200 ml sterile R2A broth in a 500 ml flask at 30 8C for 3 days, with shaking at 180 r.p.m. The unpleasant gas was sampled using a 5 ml disposable syringe and analysed by GC-MS (Agilent 7890A GC system equipped with a 5975C Inert MSD). As strain 6NM-7
T was isolated from a heavy-metal contaminated sample, its resistance to heavy metals was tested by using R2A agar supplemented with CdCl 2 .2.5H 2 O, Pb(NO 3 ) 2 and ZnSO 4 .7H 2 O at different concentrations (0, 0.2, 0.5, 1.0, 1.5, 2.0 mM). Growth was observed after 7 days at 30 8C.
To determine DNA G+C content and DNA-DNA relatedness, genomic DNA was extracted according to the method described by Moore & Dowhan (1995) . The DNA G+C content was tested by using HPLC (UltiMate 3000; Dionex) as described by Mesbah et al. (1989) . DNA-DNA hybridization was determined according to the method described by De Ley et al. (1970) . Briefly, high quality genomic DNA was sheared in 0.16standard saline citrate buffer (SSC) by using an ultrasonic processor (SONICS VCX150). The renaturation rates of the individual sheared DNA and their mixtures were determined in triplicate in 26SSC at the optimal melting temperature for 40 min by using a Lamda 35 UV/VIS spectrometer equipped with a temperature program controller (PerkinElmer). The DNA-DNA relatedness was calculated based on the renaturation rates, as described by De Ley et al. (1970) . For whole-cell fatty acids analysis, strain 6NM-7
T and closely related type strains were incubated in R2A broth at 30 8C for 3 days under the same conditions. Fatty acids were determined with a GC system (Agilent 7890A), according to the protocol of the Sherlock Microbial Identification System (MIDI) (Sasser, 1990) . Respiratory quinones were extracted and analysed by using HPLC according to the methods described by Collins et al. (1977) and Hiraishi et al. (1996) . Polar lipids were determined as described by Tindall et al. (2007 Wayne et al. (1987) . These results supported strain 6NM-7
T being considered to be a novel species of the genus Massilia.
Strain 6NM-7
T was able to grow on R2A agar and PYE agar, but not on NA or TSA. Colonies on R2A agar were grey-white, circular, opaque, not smooth and with entire margins. Strain 6NM-7
T was Gram-stain-negative, aerobic, rod-shaped (0.8-1.262.0-2.5 mm) and motile by means of a single polar flagellum (Fig. S2) . Strain 6NM-7
T could grow at 25-37 8C and pH 6.0-8.0 in the presence of 0-0.5 % (w/v) NaCl. Optimum growth occurred at 30 8C and pH 7.0 without NaCl. As shown in Table 1 , strain 6NM-7 T could be clearly distinguished from other closely related type strains of the genus Massilia by phenotypic characteristics, such as colony morphology, media for growth, enzyme activity, hydrolyses of aesculin and starch, and substrate assimilation. Other characteristics are described in the species description. The unpleasant gas produced by strain 6NM-7
T was analysed by GC-MS and found to be DMDS (Fig. S3) , which is a new-soil fumigant for controlling plant diseases. This implies that strain 6NM-7
T might have the potential to be used to control soil-borne pathogens, nematodes and weeds. In addition, strain 6NM-7
T was resistant to 1.0 mM Cd 2+ , 0.5 mM Zn 2+ and 1.5 mM Pb 2+ . In the genus Massilia, M. tieshanensis KACC 14940 T was also obtained from a heavy metal-polluted sample and found to be resistant to multiple heavy metals (As 3+ , Cu 2+ , Sb 3+ , Zn
2+
, Ni 2+ and Cd 2+ ) (Du et al., 2012) .
The DNA G+C content of strain 6NM-7 T was 66.8¡0.6 mol%, which was different from those of M. norwichensis LMG 28164 T (68.2¡0.1 mol%), M. tieshanensis KACC 14940 T (65.9 mol%) and M. aerilata KACC 12505 T (68.9 mol%). The major cellular fatty acids of the novel strain contained C 16 : 0 (33.2 %), summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 21.8 %), C 17 : 0 cyclo (20.8 %), C 18 : 1 v7c (7.4 %) and C 10 : 0 3-OH (5.8 %), which was not only in accordance with the characteristics of Massilia, but also could significantly distinguish strain 6NM-7 T from closely related type strains of the genus Massilia ( Table 2 ). The major respiratory quinone was ubiquinone 8 (Q-8) and the polar lipids contained phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, four unidentified phospholipids, three unidentified lipids and two unidentified aminophospholipids (Fig. S4) .
The phylogenetic analysis along with DNA-DNA hybridization results and phenotypic and chemotaxomic characteristics support strain 6NM-7
T being considered as a novel species in the genus Massilia, for which the name Massilia putida sp. nov. is proposed.
Massilia putida 6NM-7 T (JQ608336)

Massilia norwichensis LMG 28164 T (HG798294)
Massilia kyonggiensis KACC 17471 T (KC574383)
Massilia niastensis KACC 12599 T (EU808005)
Massilia aerilata KACC 12505 T (EF688526)
Massilia tieshanensis KACC 14940 T (HM130516)
Massilia yuzhufengensis Y1243-1 T (JQ409016)
Massilia consociata CCUG 58010 T (FN814307)
Massilia alkalitolerans YIM 31775 T (AY679161)
Massilia varians CCUG 35299 T (AM774587)
Massilia haematophila KACC 13771 T (AM774589)
Massilia suwonensis 5414S-25 T (FJ969487)
Massilia niabensis 5420S-26 T (EU808006)
Massilia aurea AP13 T (AM231588)
Massilia brevitalea byr23-80 T (EU546777)
Massilia jejuensis 5317J-18 T (FJ969486)
Massilia oculi CCM 7900 T (FR73700)
Massilia timonae UR/MT95 T (U54470)
Massilia namucuonensis CGMCC 1.11014 T (JF799985)
Massilia flava Y9 T (HM777013)
Massilia umbonata LP01 T (HM053474)
Massilia albidiflava 45 T (AY965999)
Massilia lutea 101 T (AY966001)
Massilia lurida D5 T (HQ839786)
Masssilia dura 16 T (AY965998)
Massilia plicata 76 T (AY966000)
Janthinobacterium lividum DSM 1522 T (Y08846)
Janthinobacterium agaricidamnosum W1r3 T (Y08845)
Herminiimonas saxobsidens NS11 T (AM493906)
Herminiimonas contaminans CCUG 53591 T (HE610501)
Collimonas pratensis Ter91 T (AY281137)
Herbaspirillum seropedicae DSM 6445 T (Y10146)
Oxalabacter formingenes OxB T (U49757) Description of Massilia putida sp. nov.
Massilia putida (pu.ti.da. L. fem. adj. putida stinking, fetid.) Cells are Gram-stain-negative, aerobic, rod-shaped (0.8-1.2|2.0-2.5 mm) and motile with a single polar flagellum. Colonies on R2A agar are grey-white, opaque, not smooth, circular with entire margins and 2-3 mm in diameter after 3 days at 30 uC. Can grow on R2A agar and PYE agar, but not on NA or TSA. Growth occurs at 25-37 uC (optimum, 30 uC) and pH 6.0-8.0 (optimum, pH 7.0) in the presence of 0-0.5 % (w/v) NaCl (w/v; optimum 0 % NaCl). Dimethyl disulfide is produced during growth on R2A agar. Positive for catalase, hydrolysis of gelatin, starch and Tween 40, but negative for oxidase, urease, b-galactosidase, arginine dihydrolase, indole production, nitrate reduction and the hydrolyses of aesculin and Tween 80. Acid is not The type strain, 6NM-7 T (5DSM 27523 T 5KCTC 42761 T ) was isolated from a wolfram mine tailing sample collected in Dayu County, Jiangxi Province, PR China. The DNA G+C content of the type strain is 66.8+0.6 mol%. 7.4 5.4 9.3 9.9 14.4 8.6 3.9 9.9 *Summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c, which cannot be separated by using the MIDI system.
